We present the first X-ray observations of the eclipsing cataclysmic variables Lanning 386 and MASTER OTJ192328.22+612413.5, possible SW Sextantis systems. The Xray light curve of Lanning 386 shows deep eclipses, similar to the eclipses seen in the optical light curve, confirming the high inclination of the system. There is evidence of a periodicity between 17-22 min in the X-ray and optical light curves of Lanning 386, which is associated with quasi-periodic oscillations. This system also displays a hard X-ray spectrum which is well fit by a partially covered, absorbed 2 temperature plasma. The cool plasma temperature (0.24 From the optical spectrum obtained using the Large Binocular Telescope, we find that the secondary in the system is consistent with an M5V star, and refine the distance to Lanning 386 to be 160±50 pc. Finally, we use the high time resolution of the optical spectra to crudely constrain the magnetic moment of the white dwarf in Lanning 386. J1923 was not detected during the observations, but the upper limit on the flux is inline with J1923 and Lanning 386 being related.
INTRODUCTION
Cataclysmic variables (CVs) are close binary systems where a white dwarf primary accretes material from a late-type main sequence companion which is filling its Roche lobe. All CVs produce X-rays, but the X-ray emitting region depends on the magnetic field strength of the white dwarf. In non-magnetic systems, an accretion disk forms around the white dwarf and hard X-rays are thought to be produced between the inner radius of the accretion disk and the surface of the white dwarf. In strongly magnetic systems (AM Her systems, or polars), there is no accretion disk and material follows magnetic fields lines from the L1 point to the white dwarf. Soft X-rays in polars come from the region where this accretion stream encounters the shock region above the surface of the white dwarf (Beuermann, 2004) . In weakly magnetic systems (DQ Herculis stars, or intermediate po-
Email: markkennedy@umail.ucc.ie lars; IPs), an accretion disk forms up until the magnetic pressure of the white dwarf overcomes the ram pressure of the disk, where the material starts to follow accretion curtains to the poles of the WD. In IPs, X-rays are thought to be generated in the accretion column, which is the region where the infalling material is shocked. This narrow region lies between the top of the accretion curtain and the surface of the white dwarf (Patterson, 1994) . For an overview of the X-ray properties of cataclysmic variables, see Balman (2012) .
Lanning 386 and MASTER OTJ192328.22+612413.5 (hereafter J1923) are 2 cataclysmic variables that avoid easy classification. Lanning 386 has an orbital period of 3.94 hours (Brady et al., 2008) and J1923 has an orbital period of 4.02 hours (Kennedy et al., 2016) . Both systems show low amplitude, frequent outbursts with δm ≈ 2, and display quasi-periodic oscillations (QPOs) in their optical light curves during quiescence, which are thought to arise in systems with magnetic primaries that are undergoing very high accretion rates (Patterson et al. 2002; Warner 2004) . The light curves of Lanning 386 and J1923 show deep eclipses, and the inclinations of these systems are thought to be high (Kennedy et al., 2016) . The spectra of Lanning 386 shows strong H and He i lines in quiescence and outburst. It also shows He ii and C iv lines and the Bowen Blend complex in outburst. J1923 shows slightly double peaked H lines in quiescence.
It has been suggested that the primaries in these systems may be magnetic, and the accretion disks might be truncated close to the surface of the white dwarf, leading to the formation of an accretion curtain (Kennedy et al., 2016) . Here, we present the first X-ray observations of Lanning 386, taken using the XMM-Newton telescope, in an attempt to constrain the magnetic nature of this peculiar CV. J1923 was also observed by XMM-Newton as part of the same program due to the similarities between Lanning 386 and J1923 in their optical light curves and spectra in quiescence. However, only upper limits on the X-ray flux for J1923 are presented here.
OBSERVATIONS
Lanning 386 was observed four times by XMM-Newton, while J1923 was observed once (see Table 1 for full details). The EPIC-pn (Strüder et al., 2001 ) and EPIC-MOS (Turner et al., 2001 ) instruments were operated in Large Frame mode with thin filters inserted. The RGS spectrographs (Brinkman et al. 1998; den Herder et al. 2001) were operated in their normal spectroscopy modes. The optical monitor (OM; Mason et al. 2001 ) was operated in fast timing mode with a V band filter inserted.
The four observations of Lanning 386 were scheduled randomly, in order to maximise the chance of observing it in outburst, as Lanning 386 spends approximately 25% of its time in outburst (Brady et al., 2008) .
The data were reduced and analysed using the XMMNewton Science Analysis Software (SAS v14.0.0; ESA: XMM-Newton SOC 2014) . The data from the EPIC instruments were processed using the emproc and epproc tasks. The edetect chain command was used for source detection. The EPIC-pn and -MOS data from observations 1, 2 and 3 were affected by very high soft proton flaring. We only used events recorded during low background flaring for the spectral analysis and source identification. All events were used for timing and light curve analysis, and the task barycen was run to correct all timing data to the Solar System barycentre. Figure 1 shows the combined EPIC-pn and -MOS images from the four observations of Lanning 386. No results are presented using the RGS instrument due to the very low signal-to-noise ratio.
Photometry of Lanning 386 was also taken using the Galway Ultra Fast Imager (GUFI; Harding et al. 2011 Figure 1 . The combined images of Lanning 386 from observations 1, 2, 3 and 4 using the EPIC-pn and -MOS instruments.
The yellow circles are all detected sources using edetect chain. Lanning 386 is in the centre of the frame.
10s, 471 exposures taken on Dec 4 with a typical cadence of 22s and 208 exposures on Dec 6 with a typical cadence of 42s. Reduction and analysis of these data was carried out using the typical Iraf 2 commands. The Large Binocular Telescope (LBT) observed Lanning 386 with the Multi-Object Dual Spectrographs (MODS; Pogge et al. 2010 ) on 2016 June 15 (UT) in binocular mode. This means MODS1 was taking data using the SX mirror (left side) simultaneously with MODS2 on the DX (right side), although the start times of the two spectrographs were not synchronised. MODS1 and MODS2 are nearly identical and in the dual grating mode both cover a wavelength range from 320 nm to 1µm, divided into red and blue channels separated by a dichroic at 560 nm. The exposure for each spectrum was 120 s and the time between the start of consecutive exposures averaged 183 s. A slit width of 0.8 arcsec was used and the seeing averaged slightly better than 1.0 arcsec.
Thirty spectra were obtained from each spectrograph between 10:12 UT and 11:00 UT, providing a time resolution between 30 s and 100 s when the two sets of spectra are combined. The data reduction tasks were carried out using Iraf.
J1923
The single XMM-Newton observation of the field around J1923 failed to detect any source, with an upper limit on the flux from the region of FX < 1.1×10 −14 erg cm −2 s −1 at the 2σ level. Due to the non-detection of the source, no further results on J1923 are presented, except for a comparison to Lanning 386 in Section 5.2. 3 TIMING ANALYSIS
Optical Light Curve
The extracted optical light curve of Lanning 386 taken with the optical monitor can be seen in the bottom panel of Figure 2. The V-band magnitudes found in Table 2 were calculated by taking the mean count rates of the individual observations and using the zero-point formula of m = mzero − 2.5 log 10 (cts)
where mzero = 17.9633 for the V-band 3 . The resulting magnitudes are consistent with the quiescent state of Lanning 386.
Lanning 386 was undetectable during eclipse, as its eclipse magnitude of ≈18.8 mag is below the flux sensitivity of the OM. To determine the mid-eclipse times, a Gaussian was fit to the ingress and egress of the eclipse visible in the optical observations. These mid-eclipse times were added to the mid-eclipse times calculated from the GUFI observations presented in Section 2, the GUFI observations presented in Kennedy et al. (2016) and the times given in Table 5 of Brady et al. (2008) to determine a new ephemeris. The best fit linear ephemeris was
The O-C for these mid-eclipse timings is flat, with no detectableṖ .
X-ray Light Curves
X-ray light curves of Lanning 386 and a nearby background region were extracted from the EPIC-pn data using the evselect tool in SAS, and then the Lanning 386 light curves were corrected using the epiclccorr tool. Light curves were extracted for the full (0.3-10 keV), soft (0.3-2 keV) and hard (2-10 keV) spectral ranges, and phased using the linear ephemeris found in Section 3.1. The resulting light curves can be seen in the top and middle panels of Figure 2 . The X-ray light curves have a bin width of 200s.
There is an eclipse visible at the expected phase in the full X-ray light curve, beginning at orbital phase 0.94 and lasting until orbital phase 0.05. The eclipse is the same width as the optical eclipse, suggesting that the source of the X-ray emission is eclipsed for the same duration as the dominant source of the optical emission in the system, which is thought to be the accretion disk. For the X-ray source of the system to be eclipsed, the inclination of this system must be high. The same eclipse is visible in the hard X-ray light curve ( Figure 2 , third panel), with the same eclipse width. 
Power Spectrum
Each night of the GUFI optical data was subjected to a Lomb-Scargle periodogram (LSP, Lomb 1976; Scargle 1982) using the astroML python library (VanderPlas et al., 2012) . The three resulting power spectra were multiplied by each other, such that common peaks between the 3 power spectra would be enhanced, while noise peaks would be diminished. The resulting normalised power spectrum can be seen in the top panel of Figure 3 . We also applied the χ 2 period test to the GUFI data to test the validity of the periods, also shown in the top panel of Figure 3 . The χ 2 test works by binning the data, phasing the binned data to a range of periods and calculating the χ 2 value for the binned data versus a normal distribution. When no period is present, small χ 2 values are expected, while large χ 2 values are expected when a periodic feature is present. The strongest peaks in the power spectrum were between 17-22 min and 32-43 min. Phasing the data on different periods in these bands revealed a single cycle was present when the data was phased with a period in 17-22 min range, similar to that of J1923.
We also subjected the XMM-Newton OM and 0.3-10 keV X-ray light curves to a LSP. The resulting power spectra can be seen in Figure 4 . The periodogram was bootstrap resampled (Suveges, 2012) 2000 times to determine the 1σ, 2σ and 3σ levels.
The optical power spectra shows 2 broad peaks with periods centred on 18.5 and 22.5 minutes which are detected at the 3σ level.
There is a sharp peak in the X-ray power spectrum at 18.7 minutes which was detected above the 3σ level.This Xray peak is as wide as the optical QPO peak at 18.5 minutes. Due to the position and shape of this peak, we consider it to be real and probably related to the optical QPOs.
The GUFI, OM and X-ray data all exhibit a similar QPO, with a periodicity of around 18.5 minutes. These peaks occur at the same periods as the QPOs seen in the similar object J1923, where the QPOs have a period of ≈ 20 minutes (Kennedy et al., 2016) . Based on this, we attribute the periods in the optical and X-ray power spectrum to be a result of the QPOs present in this system.
SPECTRAL ANALYSIS

Optical
The series of spectra obtained by the LBT begin at phase 0.80 and end at mid-eclipse (phase 1.00). Figure 5 shows the average spectrum out of eclipse and the spectrum close The χ 2 test values (blue) and normalised Lomb Scargle power (green) of the Lanning 386 GUFI data. In both the χ 2 test and power spectrum, there are strong periods detected between 17-22 min and 32-43 min (both of these regions are highlighted in red). Bottom: The GUFI data phased on a period of 17.8 minutes (grey), and the data binned with a bin width of 0.05 in phase (red). The data shows a single cycle when phased on the 17.8 min period, and two cycles when phased on a 35 min period, suggetsing the shorter period is the period of the QPO. An example sine curve is plotted (blue) for comparison.
to maximum eclipse. The ultraviolet and blue continua are seen to fade by a factor of 30 in brightness. The Balmer and HeI lines remain visible during eclipse and fade only by a factor of six in total flux. The spectral features of an M5-type secondary star become more prominent in eclipse. Using the MILES stellar library 4 , we find the M5V star HD173740 (Cenarro et al., 2007 ) is a good fit to the secondary star spectrum and that the spectral type of the companion in Lanning 386 is likely in the M4-M5V range. This is slightly later than the M3.5e star suggested by Brady et al. (2008) .
The acquisition images and calibrated flux out of eclipse indicate that Lanning 386 was fainter than V > 17.3 at the time of the LBT spectra and therefore in the quiescent . The optical (green) and X-ray (blue) power spectra of Lanning 386. There are two strong peaks at 18.7 min and 21.5 min in the optical spectrum which are detected the 3 σ level. There is one peak that is also present in the X-ray power spectrum at 18.7 min. The red shaded areas correspond to the same shaded areas as in Figure 3. state (as were the X-ray observations). Outside of eclipse, the Balmer and HeI lines are double peaked which can be due to the accretion disk or absorption by an accretion curtain if the system is magnetic.
During outburst, Lanning 386 shows a very strong He ii plus Bowen blend emission feature but He ii is significantly weaker in quiescence according to Brady et al. (2008) . Our spectra clearly shows a weak but broad HeII line out of eclipse and no detection at mid-eclipse. The velocity width of He ii is 3400 km s −1 (FWHM) compared with 1800 km s −1 for the Hβ emission.
With 30 optical spectra taken over a phase range of 0.2, the typical temporal resolution is 2 minutes (0.008 in phase). Figure 6 shows the trailed spectra of the Hα and Hβ lines after the continuum has been subtracted. Some variability in the line flux is seen out of eclipse that may be due to a QPO seen in the X-ray and optical light curves. The double- while the red side falls off more quickly. The scaling of Hα has been set to clearly show the highest velocity emission.
As expected, the blue side of the emission line is the first to be eclipsed at phase 0.934, but its disappearance is particularly fast, blinking out in less than 0.01 in phase. A large fraction of the redshifted component is eclipsed at phase 0.948. A low-velocity redshifted component survives, transforming to a slightly blueshifted emission at mid-eclipse. The phase at which the blue side of the emission line is eclipsed also matches the phase at which the X-ray light curve beings to eclipse.
The fast disappearance of the blue side of the emission erg/cm 2 /s/ ) Figure 7 . The trailed spectrum of He ii λ4686 shows that weak He ii emission is present in the system even in quiescence, and becomes fully eclipse around the same time as the Hβ emission. As with the Hα line, the He ii is eclipsed very quickly, only taking ∼0.01 phase for the line to become undetectable. There is an absorption feature present at 2000 km s −1 , which is consistent with an absorption feature from an M type star.
suggests that it comes from a very small region. The secondary motion of 0.05 radians means the size of the emission region is less than 6% of the separation between the two stars. The time between the blue and red sides being eclipsed means they are separated by 9% of the orbital radius. After the eclipse there remains a weak Balmer emission moving from red to blue, but it is not clear from where this light is originating. Figure 7 shows the trailed spectrum for He ii. It shows a similar rapid eclipse of the blue side (phase 0.936) and then red side (phase 0.948). There are no further emission components beyond phase 0.948 and we conclude the eclipse is total for the He ii line.
X-ray
X-ray spectra were extracted for the energy range 0.3-10 keV for all 4 observations of Lanning 386 using the EPIC-pn and EPIC-MOS instruments. The average X-ray spectrum from both instruments is shown in Figure 8 . The spectra have been rebinned to have 25 counts per spectral bin.
The data were analysed using the HEASARC software package Xspec (version 12.9.0; Arnaud 1996). Analysis was limited to the EPIC-pn spectrum, as the -MOS spectrum had a low signal-to-noise ratio.
Initially, the data were fit using an absorbed power law model (tbabs*powerlaw). The resulting fit showed a hard spectrum with a spectral index Γ = 0.32±0.05 and a column density of NH = 0.05±0.03×10 22 cm −2 , but the fit was poor, with a χ 2 R = 2.00. We next added 2 Gaussian components to try and fit the 6.701 keV Fe xxv and 6.97 keV Fe xxvi line. The resulting fit had a χ 2 R = 1.66 and is listed as Model 1 in Table 3 .
The most common model used to describe the X-ray emission of a cataclysmic variable is a single temperature thin thermal plasma (Mekal in Xspec). Fitting an absorbed Mekal model to the data gave a χ Figure 8 . The average X-ray spectrum of Lanning 386. The black circles are the EPIC-pn spectrum, while the red diamonds are the EPIC-MOS data. There are 2 blended strong emission lines in the EPIC-pn spectrum at 6.7 keV and 6.9 keV, which match the energies of Fe xxv and Fe xxvi.
high NH = 1.7 ± 0.1 × 10 22 cm −2 . However, there were large, systematic residuals below 2 keV for this fit. This suggests a single temperature model with simple absorption is insufficient to model this source. We next attempted to fit a multi temperature model by adding a second Mekal component to fit the spectrum below 2 keV. The result was slightly poorer than the simpler model, with a χ 2 R = 2.81 and a similar column density of NH = 1.7 ± 0.1 × 10 22 cm −2 . IPs are often modelled using a single Mekal component along with a complex absorption model (Staude et al., 2008) . Following this approach, we next fit Lanning 386 using the relatively complex model of Tbabs*(PartCov*Tbabs)*(Mekal). Here, the first Tbabs component accounts for interstellar absorption, (PartCov*Tbabs) models the circumstellar absorption and Mekal is as before. As in Nasiroglu et al. (2012) , our first fit could not constrain the plasma temperature, but provided a lower limit of > 8 keV at the 3σ level. The resulting fit did not model the 6.7 keV Fe xxv line well, and had a χ 2 R = 1.04. Finally, we allowed the metal abundance of the Mekal component to vary, such that the model fit around the 6.7 keV Fe xxv line might be improved. The final fit had a χ 2 R = 0.84 and can be seen in Figure 9 . The best fit parameters are listed under Model 2 in Table 3 . Eracleous et al. (2002) used the strength of the λ4430 DIB to estimate an AV = 1.5 ± 0.2 in the direction of Lanning 386. Using the linear relation between column density and AV given by Güver &Özel (2009), this equates to a column density of NH = 3.3 ± 0.4 × 10 21 cm −2 . This is higher than the column density of NH = 2.54 × 10 21 cm −2 from the Leiden/Argentine/Bonn (LAB) Survey of Galactic HI (Kalberla et al., 2005) 5 . The column density of the interstellar absorber in Model 2 ( NH = (0.8
21 cm −2 ) is far below the values from Eracleous et al. (2002) and the LAB survey. Motivated by this descrepancy, the column density was fixed to Residuals Figure 9 . The 2 best fit models to the EPIC-pn spectrum. Model 2 (red) is a single temperature model with a lower than expected interstellar column density. Model 3 (blue) has a column density fixed at the interstellar value found by Eracleous et al. (2002) , but requires two different plasma temperatures (a hot and cold component) to fit the spectrum. The details of both model can be seen in Table 3 .
3.3×10
21 cm −2 , and the X-ray spectrum refit using Model 2. This model had large errors in the soft X-rays, and a χ 2 R = 1.2. As such, we added a second Mekal component with a low plasma temperature. The resulting model, Tbabs*(PartCov*Tbabs)*(Mekal+Mekal) is listed under Model 3 in Table 3 , and shown in Figure 9 . The best fit had a χ 2 R = 0.82, and did not require a variable metallicity. In the following Sections, the Mekal model with the lower plasma temperature of 0.24 +0.17 −0.08 keV is referred to as the "cool" plasma component, and the Mekal model with the higher plasma temperature of 9 +4 −2 is the "hot" plasma component
The unabsorbed flux in the 2-10 keV X-ray spectral range, F X(2−10) , was found to be (5.7 ± 0.8) ×10
−13 erg cm −2 s −1 by multiplying the Mekal components by the Cflux model in Xspec, which estimates the flux of a given component over a given energy range.
Equivalent Widths and intensities of the Fe lines
We measured the equivalent widths of the 6.7 keV Fe xxv and 6.97 keV Fe xxvi lines using the Eqwidth command in Xspec after fitting a Gaussian model to both of the lines. The equivalent width of the 6.7 keV line was 420±50 eV, and the equivalent width of the 6.97 keV line was 200±50 eV. The intensity of both of these lines was also estimated by wrapping the Gaussian models in the Cflux model in Xspec. The intensities were measured to be I6.7 = 2.4 ± 0.7 × 10 −14 erg cm −2 s −1 and I6.97 = 1.3 ± 0.5 × 10 −14 erg cm −2 s −1 . To determine an upper limit on the flux from the 6.4 keV Fe line, a Gaussian and Powerlaw model was fit to the region around 6.4 keV. The resulting upper limit on the 6.4 keV line was I6.4 < 3.2 × 10 −15 erg cm −2 at the 3σ level. The upper limit on the equivalent width of the 6.4 keV Fe line was < 50 eV. Brady et al. (2008) estimated the distance to Lanning 386 to be ∼ 500 pc using a spectral type of M3.3 for the secondary and assuming a reddening of E(B − V ) < 0.2 (AV = 0.62 mag). The new best matching spectral type of M5V gave an absolute magnitude for the companion in the system of MV = 13.2 ± 0.3, using the relation between spectral type and surface brightness from Beuermann (2006) . Combined with a visual extinction of AV = 1.5 (Eracleous et al., 2002) , the distance to Lanning 386 was determined to be 160±50 pc.
An updated distance measurement
Using this distance we derive an (unabsorbed) X-ray luminosity of L X(2−10) = 1.6
30 erg s −1 .
DISCUSSION
Is Lanning 386 magnetic?
Lanning 386 is thought to be an SW Sextantis type star, which are suspected to be magnetic CVs with very high accretion rates. The light curve of Lanning 386, which shows frequent outbursts and QPOs, suggests such a high accretion rate.
From the X-ray modeling of Lanning 386, we favour Model 3 over Model 2, as this model, by design, had an interstellar absorber equal to that measured by Eracleous et al. (2002) . This model also had the added bonus of not requiring a variable metallicity. In the following, we limit our discussion to Model 3.
The X-ray spectrum of Lanning 386 was very hard, and is typical of IPs, but also of nova-like CVs, which are nonmagnetic CVs undergoing high mass transfer rates (Balman et al., 2014) . The hot plasma temperature of kT = 9 +4 −2 keV is not atypical of the plasma temperature found in IPs, arising from the interaction between the accretion curtain and the white dwarf (Kuulkers et al., 2006) . However, we do note that this plasma temperature is lower than the majority of IPs. The soft Mekal component, with a plasma temperature of kT = 0.24 +0.17 −0.08 keV, has also been seen in other IPs. Additionally, the requirement of a partial covering absorption component is common for an IP (Evans & Hellier 2007; Bernardini et al. 2012; Bernardini et al. 2015) . Table 4 shows the partially covered, absorbed Bremsstrahlung/mekal fits to a range of IPs from the literature. We note that Lanning 386 and FO Aqr have the highest partial covering fraction of all of the IPs listed in Table 4 .
There was a weak signal detected between 17-22 min in in the X-ray light curve of Lanning 386. This period was also detected in the optical monitor data and the archival GUFI data. Patterson et al. (2002) and Warner (2004) have proposed that the cause of QPOs is the spin period of the WD but instead of obtaining a clean signal at a single period, the spin period is smeared out into a QPO by reprocessing of the rotating beam by a varying period QPO source. Hence, in the case of Lanning 386, this weak optical QPO may be a manifestation of the spin period of the WD. The low significance detection of the signal in the X-ray data could be due to the systems inferred high inclination, which might be blocking most of the spin signal from the WD. For IPs, it is common for the spin period to be detected in the X-rays and for the beat period
to be detected in the optical. If we take the spin period of the WD to be 17.8 min, the beat period would be 19.25 mins, which is within the period range detected in the GUFI and OM data. This suggests that the spin period and beat period are indistinguishable in our data. If the 17.8 min signal is the spin period of the white dwarf, then Pspin = 0.08 P orb , which is close to the P spin P orb = 0.1 value around which IPs seem to cluster (Scaringi et al., 2010) .
IPs typically have an observed L X(2−10) in the range 10 32 -10 33 erg s −1 (e.g. Xu et al. 2016 ). This is two orders of magnitude higher than our calculated luminosity of L X(2−10) = 1.6 +2.0 −0.9 ×10 30 erg s −1 , suggesting Lanning 386 is very under-luminous in the 2-10 keV X-ray range.
A smaller discrepancy has been seen in IPs previously, and can be seen in DQ Her itself (Patterson, 1994) and also in EX Hya, which is an IP (Vogt et al., 1980 ) that displays some SX Sextantis properties (Hellier et al. 2000; Hoard et al. 2003 6 ) and has an estimated L X(2−10) = 4.13 ± 0.13 × 10 31 erg s −1 . However, Lanning 386 is still between 10-15 times fainter than this. There are several factors which could be affecting the X-ray luminosity. The first, and most important, is the high inclination of this system, which may be leading us to underestiamte the X-ray luminosity of the source. It also could be due to Lanning 386 having a much lower magnetic moment in comparison to other IPs. We will return to this point in Section 5.1.2.
If Lanning 386 is magnetic, then a lower bound on the white dwarf mass can be made using the higher plasma temperature from the Mekal model in Model 3. The Mekal component of our model can be replaced with the Ipolar model of Suleimanov et al. (2016) , where the only input parameters are the white dwarf mass and the magnetospheric radius of the white dwarf. (Formerly, this was the Ipm model of Suleimanov et al. (2005) , but was recently updated to include the magnetospheric boundary in the system). This model relies on the assumption that the maximum shock temperature in the accretion curtain of an IP is related solely to the white dwarf mass and magnetospheric boundary. Replacing the Mekal component with Ipolar gives a white dwarf mass > 0.5 M , and does not constrain the magnetospheric boundary.
Fe line comparisons
Next, we compare our X-ray emission-line measurements to those in the recent compilation of Xu et al. (2016) . The low upper limit on the 6.4 keV equivalent width (EW), combined with the 6.7 keV/6.97 keV EW ratio, suggest a quiescent dwarf nova (DN) classification, consistent with the relatively low LX we measure for Lanning 386. On the other hand, the 6.97 keV/6.7 keV line intensity ratio of 0.6±0.3 for Lanning 386 is comparable to values measured for both DNs as a class and IPs as a class (Xu et al., 2016) . Indeed, the most comparable source in the list of measurements of Xu et al. (2016) is EX Hya (closest in EWs, intensity ratios and Lx), the previously mentioned IP with a possible SW Sex association.
Hence, we conclude that whilst the X-ray emission-line and continuum characteristics of Lanning 386 are difficult to reconcile with the average values of any particular CV sub-type, they are most consistent with those of the IP EX Hya. 
An upper limit of the magnetic moment of Lanning 386
Based on the separation of blue and red emitting regions of the accretion disk of approximately 9% of the orbital separation, the inner radius of the accretion disk is approximately 0.05a, where a is the orbital separation. Patterson et al. (2002) estimated that, for an upper limit on inner disk radius of R d 0.3a, the magnetic moment is related to the period of the system and the mass accretion rate by µ33 0.2Ṁ and P hr is the orbital period in hours. This equation assumes a weak dependence on the total mass of the system, M , and the mass of the white dwarf, M1 (for more, see Patterson et al. 2002) . By changing the limit on the inner disk radius to R d 0.05a, Equation 4 becomes
Assuming a mass-transfer rate of 2 × 10 17 g s −1 (a typical value for IPs ; Patterson 1994; Ballouz & Sion 2009 ) and using the orbital period of 3.94 hours gives an upper limit on the magnetic moment of µ 1.2×10 32 gauss cm 3 for the WD in Lanning 386. This upper limit on µ, when compared to Figure 16 of Patterson et al. (2002) , is below the µ of polars, but within the limits of the predicted µ for IPs. However, Patterson et al. (2002) show that IPs can have magnetic moments as high as 10 34 gauss cm 3 , suggesting the magnetic moment of Lanning 386 is on the low side for IPs. This, coupled with the low X-ray luminosity found in Section 5.1, suggests Lanning 386 is very weakly magnetic, even for an IP. This is probably why the system has not been identified as an IP previously.
5.2 The X-ray flux limit for J1923 Kennedy et al. (2016) proposed that J1923 and Lanning 386 belong to the same CV class. Assuming comparable X-ray luminosities for J1923 and Lanning 386 (based off of their similar orbital periods and the similarities in their optical spectra and light curves), and using distances of 750±250pc (Kennedy et al., 2016) and 160±50 pc respectively, the observed X-ray flux of Lanning 386 suggests that J1923 should be detected at a flux of ∼ 5 +5 −4 ×10 −14 erg cm −2 s −1 . However, we do not detect J1923, to a limiting flux of 1.1×10 −14 erg cm −2 s −1 at the 2σ level. This is barely within the range of expected fluxes, and has 3 possible explanations. The first is that J1923 is at the far end of the distance limit. The second is that, due to the higher inclination in J1923 when compared to Lanning 386, the accretion disk in J1923 is blocking a significant proportion of the X-rays, lowering the flux. The third is that J1923 is intrinsically even less luminous in the X-rays than Lanning 386.
CONCLUSION
The requirement of a complex absorption model in the X-ray modelling of Lanning 386 favours a magnetic primary in the system, with the partial covering fraction and lower limit on the plasma temperature comparable to other IPs. The EW and fluxes from the Fe lines in Lanning 386 remain a bit of a mystery, as they do not match the expected values for a conventional IP. However, Lanning 386 best resembles the well studied IP/SW Sex system EX Hya. Additionally, the QPOs are possibly consistent with a magnetic primary. The limit on the magnetic moment of µ 1.2 × 10 32 gauss cm 3 , the low X-ray luminosity of L X(2−10) = 1.6 +2.0 −0.9 ×10 30 erg s −1 and the low "hot" plasma temperature of kT = 9 +4 −2 keV suggest the magnetic field is very low when compared to other IPs.
However, there are still many questions surrounding systems like Lanning 386 and J1923. Lanning 386 lacks the strong persistent He ii lines associated with magnetic accretion, as the He ii are only strong when the system is in outburst. When in quiescence, as the system was for these observations, the He ii lines are faint. There has also only been a tenuous detection of a periodicity in the X-ray light curve. Further X-ray observations are encouraged to test whether the 18.7 min period is real and coherent. It is also important to obtain an X-ray spectrum of Lanning 386 when in outburst as the dramatic differences seen between the outburst and quiescent optical spectrum may be reflected in the shape of X-ray spectrum or in the strength of its emission lines.
Finally, we didn't detect J1923 with an upper limit on the X-ray flux of 1.1 × 10 −14 erg cm −2 s −1 at the 2σ level. This is still in line with J1923 and Lanning 385 having similar X-ray luminosities and further X-ray observations of J1923 to try and detect it are encouraged.
